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EDTA (5 roM at 37°e and pH 7.4 for 30 min) induces rI?-0r-
h logic changes in the platelet surface-connected canahcu-f 0 stem (SeeS), in particular the collapse of some portions at :he canaliculi .. ~hese collapsed elements are ma?-e up of 
o arallel limitmg membranes and a central irregular 
tw? tePd zone a pentalaminar organization that clearly resem-
stna ' . bi that of Langerhans cell Bubeck granules (BG). Such :B~-like structures are also seen between adjacent platelets in 
EDT A-treated pla.telet I?icr~a&gregates. EDT A is known to 
. d ce an irreversible dlSSoClat1On of the platelet membrane 11 ~oprotein(GP)IIb-IIIa, the CtubP3 platelet-specific inte-
g Y a calcium-dependent heterodimer that serves as an in-~n~ble receptor for fibrinogen and is essential for platelet 
a uc regation. Hence, w~ looked for inv:olveme~t o~ the 
JtUb-IIIa in the formation of these BG-hke modifications. 
We observed that these changes i) cannot be induced in type I 
Glanzmann's thrombasthenia, where the GPIlb-Illa com-
lexes are absent; ii) d~d not appear ~hen human platelets 
P re pre-incubated with MoAb anti-GPIIb-IIIa complex, 
:hich protected GPIIb-IIIa from EDT A-induced dissocia-
I n 1961, Birb~ck, Breathnach and Everall [1] observed, in the cytoplasm of Langerhans cells (Le), granules-later to be known as Birbeck granules (BG) -that they described as " linear structures with rounded ends and a striated line run-ning down the center." Later, Wolff [2], then Sagebiel and 
Reed [3], defined ~he di~c, curved, o.r cup-shaped aspect of these 
ranules in three-dunenslOnal reconstltutlOns. BG were thus recog-~ized as cytoplasmic organelles, i.e., distinct cytoplasmic structures 
with defined limits. At the same time the origin and function of 
these granules had alrea~y beco~e ~he subject o.f debate. On the s?le 
basis of static electron microscopIc Images, partlsans of the secretion 
theory opposed advocates of the endocytosis theory [4]. Thus, for 
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tion; iii) appeared only at alkaline pH and 37"e, which 
corresponds to the range of pH and temperature where 
EDTA can dissociate the GPIIb-IIIa complexes; iv) are ac-
companied by the dissappearance on fluorescence flow cy-
tometry analysis of the heterodimer specific epitopes; and v) 
do not appear in rat platelets at pH 7.4 where GPIIb-IIIa does 
not dissociate after EDT A treatment. Thus, the appearance of 
BG-like structures in the platelet sees is directly dependent 
on the EDTA-induced dissociation of the GPIIb-IIIa com-
plexes. Furthermore, using gold-labeled MoAb concomi-
tantly with the addition of EDT A, we observed that only 
GPIIb is present in the collapsed portions of the canaliculi. 
On Lowicryl thin sections essentially polyclonal antibodies 
to GPUb labeled the central striated zone. All these observa-
tions lead us to suggest that homopolymers of GPUb could be 
responsible for "zipping" of the sees and raise the question 
of the participation of a Langerhans cell integrin in the for-
mation of Langer hans cell BG.] Invest Dermatol 99:27S -29S, 
1992 
those who observed essentially BG in the cytoplasm of LC, the 
supporters of the "secretion theory," BG arose in the Golgi area, 
migrated towards the cell periphery, attached to the cell membrane, 
and released their contents into the extracellular space. In contrast, 
for those who observed mainly BG attached to the cell membrane, 
the advocates of the "endocytosis theory," BG arose from the cell 
membrane and by moving to the interior of the cell enabled LC to 
take up substances from the extracellular compartment. However, 
the point in question is whether we are in the presence of one 
structure, capable (according to its stage of evolution) of being at-
tached to the cell membrane or situated inside the cell or, on the 
contrary, of two structur~s s.h.aring a similar general morphology 
(made up of two parallel hmlt1l1g membranes and a central striated 
density) but nevertheless distinct with regard to certain morpho-
logic characteristics and to function . In fact, it is the latter conclu-
s~o~ that ~e deduced from experiments consisting in incubating 
hV111g LC 111 the presence of gold-labeled anti-CDla monoclonal 
antibodies (MoAb) [5]. Indeed, by performing a dynamic ultrastruc-
tural study, based on observation of the internalization of CD1a 
surface antigens in LC, we were able to distinguish intracytoplasmic 
BG f~om BG-like .structures. The former seemed to represent au-
thentic cytoplasmiC organelles, implicated in intracellular traffic 
of certain surface glycoproteins following their internalization, 
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whereas the latter, constituted of apposed cell membrane leaflets 
and devoid of lateral limits, appeared during retraction of the cell 
membrane and remained attached to it. This distinction appears to 
be supported by some publications that mention the appearance of 
"BG-like structures" in cells in which intracytoplasmic BG have 
never been observed. 
APPEARANCE OF BIRBECK GRANULE- LIKE 
STRUCTURES IN CELLS UNRELATED TO 
LANGERHANS CELLS 
It is Sanel and Serpick [6] who first reported the discovery, in human 
leukemic cells incubated with thorium dioxide, of "zipperlike junc-
tions" developing i) between adjacent cells and ii) in "areas of inti-
mate contact between surface membranes of the same cell." These 
zipperlike junctions consist of "facing, rigidly parallel membranes" 
separated by an "electron-lucent space . .. hemisected by a moder-
ately dense lamina .. . similar to the recently described "gran-
ules" in Langerhans cells." More recently, using a T-cell-
activating anti - Thy-l MoAb, such BG-like structures have also 
been observed by Schuler et al [7] in murine dendritic Thy-l-
positive epidermal cells, currently known to be yj~T cells. Romani 
et al [8] incubating murine peripheral T cells, T-hybridoma cells, 
and thymocytes with the same anti - Thy-l MoAb, could again 
induce BG-like structures in each of these cel lular types. These 
structures were observed at "cell-to-cell contact and at sites of sur-
face membrane invaginations." Finally, it is in these same inter- and 
intra-cellular zones that we could induce the appearance ofBG-like 
structures in human EDT A-treated platelets. 
EDTA-TREATED PLATELETS DEVELOP 
BG-LIKE STRUCTURES 
Normal platelets (reviewed in [9]) arc active cell fragments that play 
a major role in hemostasis and thrombosis. They are disc-shaped, 
devoid of nuclei, and contain mitochondria, lysosomes, glycogen 
particles, and specific granules. Their plasma membrane presents 
numerous invaginations. These invaginations form the surface-
connected canalicular system (SCCS), a system of channels weaving 
throughout the cell cytoplasm, though remaining in direct continu-
ity with the cell surface. Since the early observations of White [10] it 
is well known that the divalent cation chelator EDT A, which is 
used as an anticoagulant, is responsible for changes in platelet mor-
phology. Indeed, platelets incubated with EDTA at 37"C, either in 
plasma or in physiologic media, become irregularly swollen with 
multiple pseudopods and loss of granule content. Moreover, at the 
ultrastructural level, White [10] noticed thatEDTA induces modifi-
cations of the platelet membrane surfaces in contact with the extra-
cellular medium, i.e., both the membranes forming the cell wall and 
those lining the SCCS. The latter is the site of two types of modifica-
tion: the first consists in massive dilation of the SCCS channels and 
the second is represented by collapse of some portions of the SCCS, 
which become narrow and elongated, following serpentine courses 
through the cytoplasm. Made up of two parallel limiting mem-
branes and a central irregular striated density, these collapsed ele-
ments show, as we have already demonstrated [11], a pentalarninar 
organization and a spatial arrangement that clearly resemble that of 
the BG of epidermal LC. Moreover, we also have been able to detect 
such BG-like structures between adjacent platelets, in EDTA-
treated platelet microaggregates [11] . How can one explain the 
appearance of such modifications in platelet morphology under the 
influence of EDTA? 
THE BG-LIKE STRUCTURES INDUCED BY EDTA 
APPEAR ONLY WHEN THE GP lIb-IlIa 
COMPLEX IS PRESENT 
When human platelets arc incubated for 30 min at 37"C with 
5 roM EDT A and then resuspended in a calcium-containing me-
dium, they lose their ability to bind fibrinogen and to aggregate in 
response to any stimulation [12]. This effect of EDT A is irrevers-
ible . It has been shown by immunochemical techniques [13] that 
under these conditions EDT A dissociates the platelet membrane -
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associated specific integrin a Ubfi3' This integrin, also called glyco-
protein (GP) lIb-IlIa, is a calcium-dependent glycoprotein hetero-
dimer complex. It is essential for platelet aggregation, as it serves as 
an inducible receptor for the adhesive proteins fibrinogen, fibronec-
tin, vitronectin, and von Willebrand factor upon platelet stimula_ 
tion [14]. Thus, because GP lIb-IlIa is functionally and biochemi_ 
cally modified by EDTA, we first attempted to determine whether 
this integrin is implicated in the formation of platelet BG-like 
structures. To do this, we tried to induce the appearance ofBG-like 
structures in patients with type I Glanzmann's thrombasthenia [15]. 
The interest of studying platelets from patients with Glanzmann's 
thrombasthenia resides in the fact that, in this inherited autosomal 
hemorrhagic disorder, the GP lIb-Ilia complex is either absent (type 
I), reduced, or abnormal (variants). H ence, washed platelets from a 
type I Glanzmann's thrombasthenia patient were incubated with 
EDT A 5 roM for 30 min at 37 ° C and fixed for electron microscopy. 
We could not detect any collapsed region all along the SCCS al-
though some portions of the SCCS displayed a certain degree of 
dilation. Likewise, no platelet microaggregates were observed when 
type I Glanzmann's thrombasthenia platelets were subjected to 
EDTA treatment. As the presence of GP lIb-IlIa therefore seems to 
be essential for the genesis of the BG-like structures, we asked the 
following question: docs the appearance of these structures also 
require dissociation of the GP lIb-IlIa complex by EDT A? 
PENTA LAMINAR STRUCTURES INDUCED BY EDTA 
APPEAR ONLY WHEN THE GP lIb-IlIa COMPLEX 
IS DISSOCIATED 
The necessity for GP lIb-IlIa to dissociate is supported by a series of 
arguments. The first of these is the observation that these elements 
appear only under conditions where the GP lIb-IlIa complex can be 
dissociated by EDTA, namely, when platelet incubation is per-
formed for 30 min at 37"C and pH 7.4. It is well known that at 
acidic pH «7) and/or at temperatures below 37"C, the GP lIb-lIla 
complex is not dissociated in intact platelets exposed to 5 mM 
EDTA [13]. We observed that under these conditions (pH < 7, 
temperature less than 37°C) the penta laminar structures did not 
appear and that simultaneously the complex dependent epitopes of 
GP lIb-IlIa remained present, as visualized by flow cytometry. A 
second argument is represented by our observation that when 
human platelets were incubated before and during EDT A treatment 
(5 mM, 30 min, 37"C) with anti-GP lIb-Ilia complex dependent 
MoAb, no pentalaminar structures appeared in the EDT A-treated 
platelets. As we could demonstrate using crossed immunoelectro-
phoresis, this was not the result of the antibodies impairing the 
formation of the pentalaminar structures after dissociation of the 
GP lIb-IlIa complex, but the result of the prevention by these anti-
bodies of the EDT A-induced dissociation of the complex. This 
effect of the complex-dependent MoAb was specific. Indeed, as 
crossed immunoelectrophoresis studies revealed, incubation with 
irrelevant antibodies did not prevent dissociation of the GP lIb-IlIa 
complex and consequently incubation of platelets in the presence of 
irrelevant MoAb did not prevent appearance of SCCS pentalaminar 
structures after appropria.te EDT A treatment. A final argument may 
be drawn from observatIOns on rat platelets. We have previously 
shown [1 6] that rat platelets arc much less sensitive to EDTA treat-
ment than human platelets and, in particular, that the rat GP lIb-lIla 
complex is not dissociated after long exposure to 5 roM EDT A at 
37 °C and pH 7.4. Under these conditions, we found that EDTA-
treated rat platelets did not contain the typical structures described 
in human platelets and that they did not form aggregates . However, 
under drastic conditions, i.e., 5 roM EDTA, 37"C and pH 8.5, 
where approximately 20% of the rat GP lIb-IlIa complexes are 
dissociated [16], we observed that some portions of the rat platelet 
SCCS displayed the characteristic pentalaminar features . Thus it 
was demonstrated that the occurrence of the SCCS pentalaminar 
structures is directly dependent on dissociation of the a Ubfi3 inte-
grin. 
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NATURE OF THE GLYCOPROTEINS INVOLVED IN 
THE PENTALAMINAR STRUCTURES 
Because GP lIb-IlIa is the receptor for fibrinogen and other plate-
let-adhesion molecules such as fibronectin, vitronectin, and von 
Willebrand factor, we looked for the presence of one or more of 
these "ligands" in the SCCS pentalaminar structures. Our hypothe-
sis was that some of these adhesion molecules could participate, via 
receptor-ligand interactions, in the membrane bonding of the 
sees. We therefore incubated Lowicryl thin sections successively 
with polyclonal antibodies raised against the major platelet-adhe-
sion molecules and with the appropriate gold-labeled secondary 
antibodies. As expected, we were able to label the a granules of 
control platelets as well as the a granules of EDT A-treated platelets 
where these adhesion molecules are normally located. However, we 
did not find any staining of the pentalaminar structures of EDT A-
treated platelets with any of the anti-adhesion molecule antibodies. 
These results were in fact not surprising, as we have observed that 
incubation of human platelets prior to and during EDT A treatment 
with the RGDS peptide, which is known to interfere competitively 
with the binding ofRGD containing adhesion molecules to the GP 
lib-IlIa complex, did not prevent the appearance of pentalaminar 
structures. It was essentially with a polyclonal antibody to free GP 
lib subunit that we observed labeling of both the limiting mem-
branes and the striated zone of the SCCS collapsed regions. How-
ever, a low level oflabeling was also found using polyclonal anti-GP 
IlIa and monoclonal anti-GP lIb-Ilia complex antibodies. Whether 
this labeling resulted only from the presence of remaining non-dis-
sociated GP lIb-lIla complexes or also from retention of free disso-
ciated GPIlIa in the SCCS is not clear. However, when gold-labeled 
MoAb against free GP lIb, free GP IlIa and GP lIb-IlIa complex-
dependent epitopes, were added si~ultaneously with EI?TA, only 
the MoAb anti - GP lIb was present m the collapsed portlons of the 
secs, clearly indicating a differential location of the two separate 
subunits along the SCCS after EDT A-induced dissociation of the 
GP lIb-Ilia heterodimer complex. Altogether these data suggest 
that the mechanism that leads to zipping of the SCCS does not 
result from receptor-ligand interactions, but rather from the appear-
ance of homopolymers of free GP lIb, "bridging" the limiting 
membranes of the channels. Such homopolymers of free glycopro-
tein subunits have been described, after dissociation of the GP IIb-
IlIa complex, in purified systems [17]. 
POSSIBLE IMPLICATIONS FOR LANGERHANS CELL 
BG FORMATION 
The results of this study complete our preceding work [11] in which 
we proposed the hypothesis that "BG strictly speaking do not exist 
as an organelle specifically synthesized by the epidermal LC but 
would result from the momentary transformation of pre-existing 
structures or organelles ." Whereas in our earlier study we evoked 
the possibility that these transfor~ations arose from liga~d-receptor 
interactions, in the present experiments we show that mteractIons 
between GP on the internal faces of vesicular or tubular structures 
may themselves lead to collapse and formation of BG. Thus, the 
BG-like structures appearing at the surface ofLC would result from 
interactions between the lamellipodes of LC and their cell body, 
whereas similar interactions along portions of the so-called "contin-
uous endosomal reticulum" [18] would induce their appearance 
within LC. 
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